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(54)  Clutch actuator and saddle-ride type vehicle

(57) The presentinvention relates to a clutch actuator

for operating a clutch, said clutch actuator comprising a

rotating member (32), wherein a clutch operating mem-
ber (34) and an elastic expansion member (22) are con-

figured to individually exert torque on the rotating mem-

ber, wherein when the rotating member (32) rotates in a

first direction to move the clutch operating member (34)
in a direction of clutch connection, the elastic expansion
member and the clutch operating member bias the rotat-
ing member in the first direction at a rotational position
of the rotating member, in which the clutch (10) is put in
a connected state.
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Description

[0001] The present invention relates to a clutch actu-
ator and a saddle-ride type vehicle, and more particular,
to miniaturization of a clutch actuator that causes a clutch
to mechanically perform motions of connection and dis-
connection.

[0002] Clutchactuators use an actuator such as motor,
etc. to cause a clutch mounted on a vehicle to perform
motions of connection and disconnection. Normally, a
force in a direction of clutch connection acts on a clutch,
and in order to use a motor, etc. to actuate the clutch, it
is necessary to increase output thereof. Some of such
clutch actuators comprises elastic auxiliary means and
enables reducing an output of an actuator such as motor,
etc. by canceling a part of the force in the direction of
clutch connection by an elastic force of the elastic auxil-
iary means (see JP-T-2000-501826).

[0003] With the related art, however, the force in the
direction of clutch connection and an elastic force of the
elastic auxiliary means are caused to balance each other
in a state of clutch connection, so that the force in the
direction of clutch connection does not act on the clutch
in the state of clutch connection. As a result, the related
artinvolves a problem that the state of clutch connection
is insufficient in stability.

[0004] The invention has been thought of in view of
the problem and has its object to provide a clutch actuator
capable of stabilizing a state of clutch connection, and a
saddle-ride type vehicle provided with the same.

[0005] This objective is solved by a clutch actuator for
operating a clutch, said clutch actuator comprising a ro-
tating member, wherein a clutch operating member and
an elastic expansion member are configured to individ-
ually exert torque on the rotating member, wherein when
the rotating member rotates in a first direction to move
the clutch operating member in a direction of clutch con-
nection, the elastic expansion member and the clutch
operating member bias the rotating member in the first
direction at a rotational position of the rotating member,
in which the clutch is put in a connected state.

[0006] Preferably, the clutch operating member and
the elastic expansion member are pivotally supported on
the rotating member at individual locations separate from
a rotating shaft of the rotating member. Alternatively, it
is preferable if the clutch operating member is provided
as an outwardly extending piston pushing part of the ro-
tating member and the elastic expansion member is piv-
otally supported on the rotating member.

[0007] Further, preferably the rotating member is ro-
tatably journaled and is rotationally driven by an actuator.
[0008] Still further, preferably one end of the clutch op-
erating member is pushed by a push force of a clutch
spring provided on the clutch and the other end of the
clutch operating member is pivotally supported on the
rotating member in a position separate from a rotating
shaft of the rotating member by a shaft parallel to the
rotating shaft, wherein the clutch operating member puts
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the clutch in a disconnected state against the push force
of the clutch spring.

[0009] Beneficially, one end of the elastic expansion
member is supported on a vehicle side and the other end
of the elastic expansion member is pivotally supported
on the rotating member in a position separate from a
rotating shaft of the rotating member by a shaft parallel
to the rotating shaft, wherein the elastic expansion mem-
ber comprises an elastic member and extends or con-
tracts by itself.

[0010] Further, beneficially the rotating member is ro-
tatable in a second direction reverse to the first direction
to move the clutch operating member in a direction of
clutch disconnection, and wherein the elastic expansion
member and the clutch operating member bias the rotat-
ing member to rotate the same in the second direction
at a rotational position, in which the clutch is put in a
disconnected state.

[0011] Yet further, beneficially the clutch operating
member biases the rotating member to rotate the same
in the first direction at a rotational position, in which the
clutch is put in a semi-clutched state, the elastic expan-
sion member biases the rotating member to rotate the
same in the second direction in the case where the clutch
is putin a semi-clutched state, and in the case where the
clutch is put in a semi-clutched state, torque, with which
the clutch operating member biases the rotating member
to rotate the same in the first direction, and torque, with
which the elastic expansion member biases the rotating
member to rotate the same in the second direction, bal-
ance each other.

[0012] According to another preferred embodiment,
the rotating member comprises integrally therewith a
worm wheel that rotates on the rotating shaft, and the
actuator comprises a worm gear that meshes with the
worm wheel and is rotated by a motor.

[0013] According to yet another preferred embodi-
ment, the clutch actuator further comprises a manual ro-
tating part that manually rotates the rotating member.
[0014] According to still another preferred embodi-
ment, the clutch actuator further comprises a base mem-
ber fixed to a saddle-ride type vehicle, and wherein the
base member mounts thereon the actuator and the ro-
tating member.

[0015] The objective is further solved by a saddle-ride
type vehicle comprising the clutch actuator according to
one of the above embodiments.

[0016] In the following, the present invention is ex-
plained in greater detail with respect to several embodi-
ments thereof in conjunction with the accompanying
drawings, wherein:

Fig. 1 s a side view showing an outward appearance
of a saddle-ride type vehicle according to an
embodiment,

Fig. 2 is a view schematically showing a whole con-

struction of a control system according to the
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embodiment,
Fig. 3 is a perspective view showing an outward ap-
pearance of an essential part of a clutch actu-
ator,
Fig. 4 is a longitudinal, cross sectional view showing
the clutch actuator at the time of clutch connec-
tion,
Fig. 5 is alongitudinal, cross sectional view showing
the clutch actuator at the time of clutch discon-
nection,
Fig. 6 is a view showing a motion of a manipulation
arm,
Fig. 7 s a view showing a motion of the manipulation
arm,
Fig. 8 is a graph illustrating the relationship among
torque imparted to a rotating member from a
clutch side, torque imparted to a rotating mem-
ber by an auxiliary spring, and a composite
torque thereof, and
Fig. 9 is a view showing a modified mechanism of a
clutch actuator.

[0017] Anembodimentwill be described below in detail
with reference to the drawings.

[0018] Fig. 1 is a side view showing an outward ap-
pearance of a motorcycle according to an embodiment.
The motorcycle 100 shown in the figure is an embodiment
of a saddle-ride type vehicle and comprises a front wheel
110 and a rear wheel 112, and a handle 116 extending
transversely to a vehicle traveling direction is mounted
to a top of a front fork 114 mounted to the front wheel
110. The handle 116 mounts at one end thereof a grip
102 and a clutch lever 104 and at the other end thereof
an accelerator grip and a brake lever (not shown). Also,
a seat 118 is provided on an upper portion of the motor-
cycle 100 and arider can get on the motorcycle 100 strad-
dling the seat 118. The motorcycle 100 is substantially
the same in construction as known motorcycles, and has
a feature in that a clutch actuator 11, which uses a motor
to operate a clutch provided in a crankcase of an engine
106, is mounted above the engine 106, that is, below a
fuel tank 108. The clutch actuator 11 is controlled in op-
eration by a control device (not shown), and the clutch
actuator 11 pertorms motions of connection and discon-
nection of the clutch not by human power but by means
of a drive force such as electric power or the like. Also,
the clutch lever 104 is connected to the clutch actuator
11 by means of a length of wire, so that connection and
disconnection of the clutch can be also performed by the
clutch lever 104.

[0019] Fig. 2 is a view schematically showing a whole
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construction of a clutch control system mounted on the
motorcycle 100. With the clutch control system shown in
the figure, for example, a wet type multiple-disc clutch
10 is accommodated in a crankcase of the engine 106.
The clutch 10 can put the clutch in a disconnected state
or in a connected state through the medium of a push
rod 12. The clutch 10 comprises a clutch spring, of which
a biasing force pushes clutch discs, which are joined to
a crankshaft (on a drive side), against friction discs joined
toatransmission main shaft (on adrivenside). Therefore,
the clutch 10 is put in a connected state at a normal time.
The clutch 10 can be put in a semi-clutched state by
pushing the push rod 12 toward the clutch 10 against the
push force of the clutch spring, and put in a disconnected
state by further pushing the push rod.

[0020] With the clutch control system according to the
embodiment, the push rod 12 of the clutch 10 is pushed
by a hydraulic mechanism. The hydraulic mechanism
comprises an oil hose 18 for communication of an oil, a
clutch release cylinder 14 connected to one end of the
oil hose, and a master cylinder 40 connected to the other
end of the oil hose through a connector 43. Built in the
clutch release cylinder 14 are a piston 15 that is pushed
by an oil flowing from the oil hose 18, and a clutch release
spring 16 that biases the piston 15 toward the clutch 10.
When the oil inflows from the oil hose 18, the piston 15
is moved toward the clutch 10 to thereby push the push
rod 12. As aresult, the clutch 10 is put in a semi-clutched
state or in a disconnected state. Also, when inflow of the
oil from the master cylinder 40 disappears, the push rod
12 is pushed back by the clutch spring, the piston 15 also
returns to an original position, and the clutch 10 returns
to a connected state.

[0021] A reservoir tank 42 is connected to the master
cylinder 40 through a connector 41, and a hydraulic cor-
recting function is realized by the reservoir tank 42. That
is, an oil accumulated in the reservoir tank 42 flows into
the master cylinder 40 according to that volume change
of an oil in the hydraulic mechanism, which is caused by
abrasion of the clutch 10, temperature, etc., or an oil in
the master cylinder 40 is recovered by the reservoir tank
42. A piston 36 is received in the master cylinder 40, and
the piston 36 is pushed from outside to thereby push out
an oil in the master cylinder 40 to cause the oil to flow
into the clutch release cylinder 14 through the oil hose 18.
[0022] A clutch actuator 11 according to the embodi-
ment comprises a master cylinder 40, and a mechanism
that that pushes a piston 36 of the master cylinder 40
and releases such push. Specifically, the piston 36 of the
master cylinder 40 is pushed by a first piston push rod
35 (a clutch operating member, a first piston push mech-
anism), and a manipulation arm 58 and a second piston
push rod 34 are provided in a manner to be able to abut
independently against the first piston push rod 35. The
manipulation arm 58 is connected to the clutch lever 104
through a length of wire 63, and when a rider of a saddle-
ride type vehicle manipulates the clutch lever 104, the
manipulation arm 58 is moved by the wire 63. Thereby,
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the manipulation arm 58 pushes the first piston push rod
35 and the piston 36 is pushed toward the interior of the
master cylinder 40. Also, when the rider returns the clutch
lever 104 to its original position, the manipulation arm 58
is returned to its initial position whereby the piston 36 is
also returned to its original position.

[0023] The second piston push rod 34 is driven by the
motor 44 (actuator) to push the first piston push rod 35
independently of the manipulation arm 58 whereby the
piston 36 is pushed toward the interior of the master cyl-
inder 40. Also, when motor 44 rotates reversely, the sec-
ond piston push rod 34 returns to its initial position (a
clutch connection position) and the clutch 10 correspond-
ingly returns to a connected state.

[0024] More specifically, the second piston push rod
34 has one end thereof abutting against a head of the
first piston push rod 35 and has the other end thereof
journaled rotatably on a rotating member 32 through a
rotating shaft 30. The rotating member 32 is rotationally
driven by the motor 44 and journaled rotatably by an ac-
tuator casing 70, in which respective elements of the
clutch actuator 11 are accommodated. The rotating shaft
30 of the second piston push rod 34 is provided in parallel
to and away from a rotating shaft 48 of the rotating mem-
ber 32. The rotating shaft 48 mounts thereto a worm
wheel 50, and the worm wheel 50 and the rotating mem-
ber 32 rotate together on the rotating shaft 48. A worm
gear 52 meshes with the worm wheel 50. The worm gear
52 is joined to the motor 44 through a rotating shaft 46
of the motor 44 to be rotated by the motor 44. Thus the
clutch actuator 11 converts rotational drive of the motor
44 into rotational drive of the rotating member 32.
[0025] As described above, a force that operates the
clutch 10 in a direction of connection is applied to the
push rod 12 by the clutch spring provided in the clutch
10. Therefore, in order to cause the second piston push
rod 34 to push the piston 36, the motor 44 must rotate
the rotating member 32 against such force. Hereupon,
with the clutch actuator 11, an auxiliary spring 22 is further
mounted to the rotating member 32 to be able to decrease
output of the motor 44. That is, the rotating member 32
comprises a rotating shaft 28 for mounting of the auxiliary
spring 22, in addition to the rotating shaft 30 for mounting
of the second piston push rod 34. The rotating shaft 28
is also provided in parallel to and away from the rotating
shaft 48 of the rotating member 32. The auxiliary spring
22 comprises a first auxiliary spring shaft 26, and one
end of the first auxiliary spring shaft 26 is supported ro-
tatably on the rotating shaft 28. Also, the other end of the
auxiliary spring 22 abuts against an inner wall of the ac-
tuator casing 70, in which respective elements of the
clutch actuator 11 are accommodated. Built in the auxil-
iary spring 22 is a coil spring 20 that is contracted in a
state to be shorter than a natural length and acts to ex-
pand independently. One end of the auxiliary spring 22
is supported by the inner wall of the actuator casing 70
fixed on a vehicle side and the other end thereof pushes
the first auxiliary spring shaft 26 toward the rotating mem-
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ber32. Thatis, an elasticforce of the coil spring 20 causes
the first auxiliary spring shaft 26 to push the rotating shaft
28 in a direction of expansion, thus imparting an auxiliary
torque to the rotating shaft 28.

[0026] In addition, a worm wheel 50 mounts thereto a
clutch potentiometer 54 composed of a resistor, etc., so
that a voltage value corresponding to a rotating angle of
the rotating member 32 can be output. The voltage value
is input into a control device, which is not shown and
comprises a microcomputer and the like, to be used for
control of an operation of the motor 44 or the like. That
is, the control device determines a rotating angle of the
rotating member 32 from an output voltage of the clutch
potentiometer 54 to be able to set the rotating member
32 to an optional rotating angle between a rotating angle
(a rotating angle of connection) corresponding to a posi-
tion of connection of the clutch 10 and a rotating angle
(a rotating angle of disconnection) corresponding to a
position of disconnection of the clutch 10. In addition,
rotation of the rotating shaft 46 of the motor 44 may be
detected to be used for control.

[0027] A further explanation is given to the clutch ac-
tuator 11. Fig. 3 is a perspective view showing an outward
appearance of an essential part of the clutch actuator 11.
Fig. 4 is a longitudinal, cross sectional view showing the
clutch actuator 11 at the time of clutch connection. Fur-
ther, Fig. 5is alongitudinal, cross sectional view showing
the clutch actuator 11 at the time of clutch disconnection.
In Fig. 3, illustration of the actuator casing 70 and the coil
spring 20 is omitted, and in Figs. 4 and 5, the motor 44,
rotation restricting members 51, the worm wheel 50, and
the worm gear 52 hide behind the actuator casing 70 and
so are not shown.

[0028] The actuator casing 70 is shaped such that par-
titions are provided upright around a periphery of a flat
bottom plate, and accommodates therein respective el-
ements centering around the rotating member 32. That
is, a bearing 52 is fitted into a recess provided with an
opening and formed on a bottom of the actuator casing
70, and the rotating shaft 48 of the rotating member 32
is inserted through the bearing. The auxiliary spring 22
comprises the first auxiliary spring shaft 26 and a second
auxiliary spring shaft 21. The first auxiliary spring shaft
26 is cylindrical-shaped at one end thereof and permits
one end of the second auxiliary spring shaft 21 to be
inserted therethrough, so that the both can move slidingly
relative to each other. The coil spring 20 is arranged be-
tween the first auxiliary spring shaft 26 and the second
auxiliary spring shaft 21, the coil spring 20 biasing the
first auxiliary spring shaft 26 and the second auxiliary
spring shaft 21 to make the same move slidingly in a
direction away from each other. A shaft hole is formed
on the other end of the first auxiliary spring shaft 26 and
mounted to the rotating shaft 28 of the rotating member
32. Also, the other end of the second auxiliary spring
shaft 21 is formed to be mountain-shaped, the mountain-
shaped portion being fitted into a recess formed on a side
wall of the actuator casing 70. The auxiliary spring 22 is
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accommodated in the actuator casing 70 with the coil
spring 20 being contracted, thus imparting torque to the
rotating member 32.

[0029] The master cylinder 40 is fitted into the actuator
casing 70 from laterally and the first piston push rod 35
enters inside the actuator casing 70. One end of the first
piston push rod 35 is formed to be substantially spherical-
shaped, the one end being held by a cup 74 connected
to the piston 36. The cup 74 and the substantially spher-
ical-shaped end enable the first piston push rod 35 to
push the piston 36 in a postural range of some measure.
The bias of the clutch spring and the bias of a master
cylinder spring 39 provided in the master cylinder 40
cause the cup 74 to constantly contact with the substan-
tially spherical-shaped end of the first piston push rod
35. As shown in Figs.6 and 7, a somewhat large diameter
actuator abutment 65 is formed midway the first piston
push rod 35 and an annular arm abutment 61 is formed
adjacent a side of the actuator abutment 65 toward the
master cylinder 40. The second piston push rod 34 is
formed to be bottomed to permit a tip end 37 of the first
piston push rod 35 to be inserted therethrough. Thus the
first piston push rod 35 can move slidingly relative to the
second piston push rod 34, which is pivotally supported
on the rotating member 32 through the rotating shaft 30.
As described above, the first piston push rod 35 is con-
stantly exerted by a biasing force in a direction, in which
the piston 36 is pushed out, that is, in a direction, in which
the first piston push rod 35 enters inside the actuator
casing 70, so that the first piston push rod 35 is normally
put in a state (a pushed position) of being pushed into
the second piston push rod 34 to the maximum. There-
fore, a tip end surface of the second piston push rod 34
normally abuts against the actuator abutment 65. In the
case where the first piston push rod 35 is pushed into
the master cylinder 40 by the manipulation arm 58, the
first piston push rod 35 comes out from the second piston
push rod 34. In this case, engagement of the tip end
surface of the second piston push rod 34 with the actuator
abutment 65 is released.

[0030] One end of the manipulation arm 58 is pivotally
supported on a rotating shaft 62 fixed to the bottom of
the actuator casing 70. Also, the other end of the manip-
ulation arm mounts thereto a length of wire 63 connected
to the clutch lever 104 via a pin 60. That is, the manipu-
lation arm 58 is extended from a position of the rotating
shaft 62 to a position of an end of the wire 63. An opening
56 is formed midway the manipulation arm 58 and the
second piston push rod 34 is inserted through the open-
ing 56. As described above, the first piston push rod 35
is inserted into the tip end of the second piston push rod
34 and the arm abutment 61 is positioned on a side of
the opening 56 toward the master cylinder 40. Therefore,
when the clutch lever 104 is manipulated to move a tip
end (toward the pin 60) of the manipulation arm toward
the master cylinder 40, a periphery of the opening 56
abuts against the arm abutment 61 whereby the first pis-
ton push rod 35 is pushed into the master cylinder 40.
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[0031] The rotating member 32 is formed with a rotat-
ing member manipulating part 33, and a head of the ro-
tating member manipulating part 33 is formed with a tool
hole, into which a tool such as hex wrench, etc. is insert-
ed. The tool hole is formed to be concentric with the ro-
tating shaft 48, so that the rotating member 32 can be
rotated manually and forcedly from outside by inserting
a tool into the tool hole. In addition, the rotating shaft 46
of the motor 44 may be manually rotated from outside to
thereby rotate the rotating member 32 forcedly.

[0032] Also, the rotating shaft 48 of the rotating mem-
ber 32 is inserted through the bearing 59 and a tip end
thereof is positioned on the back side of the bottom plate
of the actuator casing 70. The worm wheel 50 is mounted
to the tip end of the rotating shaft 48. The worm wheel
50 is formed with teeth, which are necessary and suffi-
cient to rotate the rotating member 32 from a rotating
angle of connection to a rotating angle of disconnection,
and the remainder of the worm wheel is not formed with
teeth. Formed on a back surface side of the bottom of
the actuator casing 70 are a pair of rotation restricting
members 51 (only one of them being shown in Fig. 3)
adjacent to a region, in which the teeth formed on the
worm wheel 50 are movable. When the rotating member
32 reaches the rotating angle of connection, one side of
the teeth of the worm wheel 50 abuts against one of the
rotation restricting members 51 to restrict further rotation.
Also, when the rotating member 32 reaches the rotating
angle of disconnection, the other side of the teeth of the
worm wheel 50 abuts against the other of the rotation
restricting members 51 to restrict further rotation.
[0033] An explanation is given to torque acting on the
rotating member 32. Fig. 8 is a graph illustrating the re-
lationship among torque (a curve A in the figure) imparted
to the rotating member 32 by the second piston push rod
34, torque (acurve Bin the figure) imparted to the rotating
member 32 by the auxiliary spring 22, and a composite
torque thereof (a curve C inthe figure). An axis of ordinate
in the figure indicates a torque value, and torque having
a negative value acts to rotate the rotating member 32
rightward in Figs. 4 and 5 to push the second piston push
rod 34 toward the master cylinder 40, thereby effecting
disconnection of the clutch 10. Also, torque having a pos-
itive value acts to rotate the rotating member 32 leftward
in Figs. 4 and 5 to return the second piston push rod 34
to its original position from a side of the master cylinder
40, thereby effecting connection of the clutch 10. An axis
of abscissa in the figure indicates a rotating angle of the
rotating member 32 with a rotating angle of connection
being 40 degrees and a rotating angle of disconnection
being 180 degrees.

[0034] As indicated by the curve A in the figure, the
clutch spring has a natural length in a connected state
of the clutch 10 and torque imparted to the rotating mem-
ber 32 by the second piston push rod 34 is zero at the
rotating angle of connection. Thereafter, when the rotat-
ing member 32 is rotated in a direction of clutch discon-
nection, torque gradually increases and torque in a di-
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rection of clutch connection is generated. Thereafter, as
the rotating member 32 is rotated, the rotating shaft 48
of the rotating member 32 approaches in a direction, in
which the second piston push rod 34 is extended, and
torque imparted to the rotating member 32 by the second
piston push rod 34 begins to decrease. In a disconnected
state of the clutch 10, the clutch spring is put in a state
of being contracted most but the rotating shaft 48 of the
rotating member 32 is positioned on an extension of the
second piston push rod 34 and torque imparted to the
rotating member 32 by the second piston push rod 34
becomes zero.

[0035] Also, as indicated by the curve B in the figure,
torque in a direction of connection is imparted to the ro-
tating member 32 by the auxiliary spring 22 in a connect-
ed state of the clutch 10. When the rotating member 32
is rotated in a direction of clutch disconnection, torque
becomes zero and when the rotating member is further
rotated, torque becomes negative. That is, a position of
the auxiliary spring 22 and a position of the rotating shaft
28 are regulated so that torque in a direction of clutch
connection is imparted to the rotating member 32 at the
rotating angle of connection of the rotating member 32
and torque in a direction of clutch disconnection is im-
parted to the rotating member 32 at a rotating angle, at
which the clutch 10 is put in a semi-clutched state. There-
after, when the rotating member 32 is rotated in a direc-
tion of clutch disconnection, torque in a direction of clutch
disconnection is increased as a direction, in which the
auxiliary spring 22 is extended, separates from the rotat-
ing shaft 48 of the rotating member 32. When the rotating
member 32 is further rotated, the auxiliary spring 22 ap-
proaches a natural length this time and torque in a direc-
tion of clutch disconnection returns to a small value.
[0036] As indicated by the curve C in the figure, in a
major part of an angular range of the rotating member
32, torque imparted by the second piston push rod 34
and torque imparted by the auxiliary spring 22 act in op-
posite directions to decrease each other. Therefore, an
absolute value of torque imparted to the rotating member
32 becomes a small value, so that the rotating member
32 can be readily rotationally driven by the motor 44.
Also, at the rotating angle of connection, a composite
torque acts in a direction of clutch connection. Therefore,
it is possible to make the clutch 10 stable in a connected
state. Also, at the rotating angle of disconnection, a com-
posite torque acts in a direction of clutch disconnection.
Therefore, it is possible to make the clutch 10 stable in
a disconnected state. Further, at a rotating angle corre-
sponding to the semi-clutched state of the clutch 10,
when the rotating member 32 is rotated in a direction of
clutch disconnection, torque in a direction of clutch con-
nection is generated, and on the other hand, when the
rotating member 32 is rotated in a direction of clutch con-
nection, torque in a direction of clutch disconnection is
generated. Therefore, it is possible to make the clutch
10 stable in the semi-clutched state.

[0037] Thatis, with the clutch actuator 11 according to
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the embodiment, even when the motor 44 does not apply
a drive force on the rotating member 32, the rotating
member 32 is made stable at three rotating angles, that
is, the rotating angle of connection, a rotating angle cor-
responding to the semi-clutched state, and the rotating
angle of disconnection.

[0038] Further, the rotating member 32 is actually
made stable at all rotating angles. That is, various fric-
tions are actually generated in the clutch control system.
Also, a self-locking effect of a certain degree is produced
in the worm wheel 50 and a worm gear 52, so that even
when torque is imparted to the rotating member 32, the
worm gear 52 acts to make it difficult for the rotating mem-
ber 32 to rotate. As described above, with the clutch ac-
tuator 11, a composite torque acting on the rotating mem-
ber 32 becomes a small value even in either directions
of rotation, so that the clutch actuator 11 can maintain a
state of the clutch 10 as it is even when the motor 44
stops at any rotating angle of the rotating member 32.
[0039] Further, with the clutch control system accord-
ing to the embodiment, the hydraulic mechanism causes
motions of connection and disconnection of the clutch 10
and the piston 36 of the master cylinder 40 included in
the hydraulic mechanism can be pushed by either the
second piston push rod 34 driven by the motor 44 or the
manipulation arm 58, connection and disconnection of
the clutch 10 can be made stably by manipulation or the
motor 44 even when the clutch 10 wears and an oil in
the hydraulic mechanism is varied in volume. Also, it suf-
fices thatthe reservoir tank 42 be connected to the master
cylinder 40, so that it is not necessary to make the device
complicate in construction.

[0040] In particular, in a state, in which the clutch lever
104 is not manipulated, the manipulation arm 58 is in a
position (an initial position), in which the first piston push
rod 35 is not pushed. In a state, in which the clutch lever
104 is manipulated, the manipulation arm 58 pushes the
first piston push rod 35 into the master cylinder 40 where-
by the first piston push rod 35 is pulled out from the sec-
ond piston push rod 34 and the actuator abutment 65 is
separated from the tip end surface of the second piston
pushrod 34. Also, when the rotatingmember 32 is rotated
in a direction of clutch disconnection, the first piston push
rod 35 is pushed into the master cylinder 40 and the ac-
tuator abutment 65 is separated from the opening 56 of
the manipulation arm 58. Therefore, the second piston
push rod 34 and the manipulation arm 58 can push the
first piston push rod 35 at all times in the other of the
states irrespective of one of the states. Thereby, evenin
the case where, for example, an engine of the vehicle
stops and the drive wheel is locked, itis possible to readily
put the clutch 10 in a state of disconnection with the use
of the manipulation arm 58.

[0041] Inaddition, the teaching of the presentinvention
is not limited to the embodiment described above but
susceptible of various modifications. For example, while
it is described that the rotating member 32 converts ro-
tational movement of the worm wheel 50 into linear move-
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ment of the second piston push rod 34 to thereby push
the piston 36 of the master cylinder 40, a motor 82 may
rotate a pinion gear 80 as shown in Fig. 9 whereby a
rotating member 84 provided with an outwardly extending
piston pushing part 88 may be rotated on a rotating shaft
86. In this manner, without the use of a mechanism for
conversion of rotational movement into linear movement,
the piston pushing part 88 can be caused to abut against
a head of the first piston push rod 35 to push the piston
36. In this case, it is preferable that the piston pushing
part 88 mounts at a tip end thereof a length of wire 90
connected at the other end thereof to the clutch lever 104
to enable rotating the rotating member 84 manually.
[0042] Further, the embodiment of Fig. 9 comprises
the elastic expansion member as discussed for the above
embodiment, e.g. shown in Figs. 1 and 2. The function-
ality and design of this elastic expansion member equals
to the functionality and design of the above embodiment.
[0043] The description above discloses (amongst oth-
ers) an embodiment of a clutch actuator comprising a
rotating member rotatably journaled and rotationally driv-
en by an actuator, a clutch operating member, one end
of which is pushed by a push force of a clutch spring
provided on aclutch and the other end of which is pivotally
supported on the rotating member in a position separate
from a rotating shaft of the rotating member by a shaft
parallel to the rotating shaft, and which puts the clutch in
a disconnected state against the push force of the clutch
spring, and an elastic expansion member, one end of
which is supported on a vehicle side and the other end
of which is pivotally supported on the rotating member in
a position separate from the rotating shaft of the rotating
member by a shaft parallel to the rotating shaft, and which
comprises an elastic member and extends or contracts
by itself, and wherein the rotating member rotates in a
first direction to move the clutch operating member in a
direction of clutch connection, and the elastic expansion
member and the clutch operating member bias the rotat-
ing member to rotate the same in the first direction in the
case where the clutch is put in a connected state.
[0044] According to this preferred embodiment, the ro-
tating member is rotationally driven by an actuator such
as motor, etc. Supported on the rotating member are a
clutch operating member, which is pushed by a push
force of a clutch spring and interlocks with the clutch, and
an elastic expansion member, which comprises an elas-
tic member and extends or contracts by itself. In the case
where a hydraulic cylinder comprising a master cylinder
and a clutch release cylinder drives the clutch, the clutch
operating member may comprise a rod, which is con-
nected to a piston of the master cylinder and interlocks
with the piston. The elastic expansion member may com-
prise, for example, a coil spring as the elastic member.
[0045] When the rotating member rotates in the first
direction, the clutch operating member is moved in the
direction of clutch connection whereby connection of the
clutch is effected. In the case where the clutch is put in
a connected state, the elastic expansion member and
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the clutch operating member bias the rotating member
torotate the same in the first direction, so thatitis possible
to stabilize the clutch in the connected state.

[0046] According to a further embodiment, the rotating
member rotates in a second direction reverse to the first
direction to move the clutch operating member in a di-
rection of clutch disconnection, and the elastic expansion
member and the clutch operating member bias the rotat-
ing member to rotate the same in the second direction in
the case where the clutch is put in a disconnected state.
According to this embodiment, when the rotating member
rotates in the second direction, the clutch operating mem-
ber is moved in the direction of clutch disconnection
whereby disconnection of the clutch is effected. In the
case where the clutch is put in a disconnected state, the
elastic expansion member and the clutch operating mem-
ber bias the rotating member to rotate the same in the
second direction, so that it is possible to stabilize the
clutch even in the disconnected state.

[0047] Also, according to a further embodiment, the
clutch operating member biases the rotating member to
rotate the same in the first direction in the case where
the clutch is put in a semi-clutched state, the elastic ex-
pansion member biases the rotating member to rotate
the same in the second direction in the case where the
clutch is put in a semi-clutched state, and in the case
where the clutch is put in a semi-clutched state, torque,
with which the clutch operating member biases the ro-
tating member to rotate the same in the first direction,
and torque, with which the elastic expansion member
biases the rotating member to rotate the same in the sec-
ond direction, balance each other. The clutch operating
member is biased by the clutch spring and the elastic
expansion member also comprises an elastic member,
so that it is possible according to this embodiment to sta-
bilize the clutch in the semi-clutched state. That s, in the
case where a state of the clutch gets out of the semi-
clutched state, the clutch operating member and the elas-
tic expansion member act to restore an original semi-
clutched state.

[0048] Also, according to a further embodiment, the
rotating member comprises integrally therewith a worm
wheel that rotates on the rotating shaft, and the actuator
comprises a worm gear that meshes with the worm wheel
and is rotated by a motor. With such arrangement, the
motor rotates to rotate the rotating member whereby it is
possible to cause the clutch to perform motions of con-
nection and disconnection. Also, it becomes difficult to
rotate the rotating member forcedly from outside, so that
a state (clutch opening degree) of the clutch can be main-
tained when the motor stops.

[0049] Also, according to a further embodiment, there
is provided a manual rotating part that manually rotates
the rotating member. With such arrangement, it is pos-
sible to manually perform connection and disconnection
of the clutch at need.

[0050] Also, accordingto afurtherembodiment, abase
member fixed to a saddle-ride type vehicle is further pro-
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vided, and the base member mounts thereon the actuator
and the rotating member. Since the clutch operating
member and the elastic expansion member are pivotally
supported on the rotating member, it is possible accord-
ing to this embodiment to make a clutch actuator integral,
thus enabling facilitating mounting on a saddle-ride type
vehicle. In addition, the actuator, the clutch operating
member, and the elastic expansion member, respective-
ly, may be formed into a unit. By doing this, it is possible
to facilitate assembly and adjustment of a clutch actuator.
[0051] Also, the saddle-ride type vehicle according to
an embodiment comprises any one of the above clutch
actuators. Saddle-ride type vehicles include, for exam-
ple, motorcycles (include bicycles with a motor (a motor-
bike)) a scooter), four-wheeled buggies (overall terrain
type vehicles), snowmobiles, etc. According to the em-
bodiment, the rotating member is rotationally driven by
an actuator such as motor, etc. Supported on the rotating
member are a clutch operating member, which is pushed
by a push force of a clutch spring and interlocks with the
clutch, and an elastic expansion member, which com-
prises an elastic member and extends or contracts by
itself. Therefore, it is possible to rotationally drive the ro-
tating member with a relatively small torque, thus ena-
bling making an actuator such as motor, etc. small in
size. As a result, it is possible to lighten a saddle-ride
type vehicle and to optimize a weight thereof in balance.
[0052] The description above discloses, as a particu-
larly preferred embodiment, in order to provide a clutch
actuator capable of stabilizing a state of clutch connec-
tion, arotating member 32 rotationally driven on arotating
shaft 48 by a motor 44, a clutch operating member 34,
one end of which is pushed by a push force of a clutch
spring and the other end of which is pivotally supported
on the rotating member 32 by a shaft 30, and which puts
aclutch 10 in a disconnected state against the push force
of the clutch spring, an elastic expansion member 22,
one end of which is supported on a vehicle side and the
other end of which is pivotally supported on the rotating
member 32 by a shaft 28, and which comprises a coil
spring 20 and extends or contracts by itself, are provided,
the rotating member 32 rotates in a first direction to move
the clutch operating member 34 in a direction of clutch
connection, and the elastic expansion member 22 and
the clutch operating member 34 bias the rotating member
32 in the first direction in the case where the clutch 10 is
put in a connected state.

Claims

1. Clutch actuator (11) for operating a clutch (10), said
clutch actuator (11) comprising a rotating member
(32), wherein a clutch operating member (34) and
an elastic expansion member (22) are configured to
individually exert torque on the rotating member (32),
wherein when the rotating member (32) rotates in a
first direction to move the clutch operating member
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(34) in a direction of clutch connection, the elastic
expansion member (22) and the clutch operating
member (34) bias the rotating member (32) in the
first direction at a rotational position of the rotating
member (32), in which the clutch (10) is putin a con-
nected state.

Clutch actuator (11) according to claim 1, wherein
the clutch operating member (34) and the elastic ex-
pansion member (22) are pivotally supported on the
rotating member (32) atindividual locations separate
from a rotating shaft (48) of the rotating member (32),
or wherein the clutch operating member is provided
as an outwardly extending piston pushing part (88)
of the rotating member (84) and the elastic expan-
sion member is pivotally supported on the rotating
member (32).

Clutch actuator (11) according to claim 1 or 2, where-
in the rotating member (32) is rotatably journaled and
is rotationally driven by an actuator (44).

Clutch actuator (11) according to one of the claims
1to 3, wherein one end of the clutch operating mem-
ber (34) is pushed by a push force of a clutch spring
provided on the clutch (10) and the other end of the
clutch operating member (34) is pivotally supported
on the rotating member (32) in a position separate
from a rotating shaft (48) of the rotating member (32)
by a shaft (30) parallel to the rotating shaft (48),
wherein the clutch operating member (34) puts the
clutch (10) in a disconnected state against the push
force of the clutch spring.

Clutch actuator according to one of the claims 1 to
4, wherein one end of the elastic expansion member
(22) is supported on a vehicle side and the other end
ofthe elastic expansion member (22) is pivotally sup-
ported on the rotating member (32) in a position sep-
arate from a rotating shaft (48) of the rotating mem-
ber (32) by a shaft (28) parallel to the rotating shaft
(48), wherein the elastic expansion member (22)
comprises an elastic member (20) and extends or
contracts by itself.

Clutch actuator (11) according to one of the claims
1 to 5, wherein the rotating member (32) is rotatable
in a second direction reverse to the first direction to
move the clutch operating member (34) in adirection
of clutch disconnection, and wherein the elastic ex-
pansion member (22) and the clutch operating mem-
ber (34) bias the rotating member (32) to rotate the
same in the second direction at a rotational position,
in which the clutch (10) is putin a disconnected state.

Clutch actuator (11) according to one of the claims
1 to 6, wherein the clutch operating member (34)
biases the rotating member (32) to rotate the same
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in the first direction at a rotational position, in which
the clutch (10) is put in a semi-clutched state,

the elastic expansion member (22) biases the rotat-
ing member (32) to rotate the same in the second
direction in the case where the clutch (10) is put in
a semi-clutched state, and

in the case where the clutch (10) is put in a semi-
clutched state, torque, with which the clutch operat-
ing member (34) biases the rotating member (32) to
rotate the same in the first direction, and

torque, with which the elastic expansion member
(22) biases the rotating member (32) to rotate the
same in the second direction, balance each other.

Clutch actuator (11) according to one of the claims
1to 7, wherein the rotating member (32) comprises
integrally therewith a worm wheel (50) that rotates
on the rotating shaft (48), and

the actuator (44) comprises a worm gear (52) that
meshes with the worm wheel (50) and is rotated by
a motor.

Clutch actuator (11) according to one of the claims
1 to 8, further comprising a manual rotating part (33)
that manually rotates the rotating member (32).

Clutch actuator (11) according to one of the claims
1 to 9, further comprising a base member (70) fixed
to a saddle-ride type vehicle, and

wherein the base member (70) mounts thereon the
actuator (44) and the rotating member (32).

Saddle-ride type vehicle comprising the clutch actu-
ator according to one of the claims 1 to 6.
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